Ventricular hypertrophy is usually estimated at necropsy by weighing the heart as a whole and by measuring the thickness of the ventricular walls. The weight of the heart as a whole is open to the objection that a large and varying proportion of the weight is accounted for by structures other than the myocardium, and the thickness of the ventricular wall is not a satisfactory criterion because it may be greatly modified by dilatation of the cavity. The traditional methods are particularly unsatisfactory when used to assess slight or moderate hypertrophy of the right ventricle.
FULTON, HUTCHINSON, AND JONES
The possibility of a change in weight due to fixation was considered. Muller (1883) obviated this possibility by dividing the heart in a fresh state, but this makes the dissection much more difficult. Lewis (1914) took great care to restore the original weight of the heart after fixation by successive immersions in formalin, spirit, and water. Herrmann and Wilson (1922) found that prolonged immersion in formalin could cause a loss of weight of over 10 per cent. In our series, however, fixation was not continued for more than four days and in that time the weight of the cardiac muscle did not vary by more than 2 per cent. Consequently, we have felt justified in ignoring the effects of fixation upon the recorded weights.
CLASSIFICATION OF MATERIAL
We examined 202 hearts and classified them into 4 groups. The basis of the classification was a clinical one, but the diagnosis of valvular lesions and of myocardial infarction was subject to necropsy confirmation. Group 1. Normal (43 hearts). There was no evidence of heart disease either clinically or at necropsy. Hearts from patients over 65 years of age were not included in this group.
Group 2. Isolated Right Ventricular Hypertrophy (46 hearts). There was a clinical cause of hypertrophy of the right ventricle alone. The cases comprised chronic cor pulmonale * (37), isolated mitral stenosis (7), and mitral stenosis with a tricuspid lesion (2).
Group 3. Primary Left Ventricular Hypertrophy (46 hearts). A cause of primary left ventricular hypertrophy was present clinically, but there was no known cause of independent right ventricular hypertrophy. The cases comprised hypertension (38), isolated aortic lesions (6), and pure mitral incompetence (2).
Group 4. Miscellaneous (67). This group consisted of apparently normal hearts from patients over 65 years of age (33), cases where there were lesions liable to cause independent hypertrophy of both ventricles (10), myocardial infarction (6), and unclassified cases (18). It soon became clear that the cases in this group were unsuitable for detailed study, and as the investigation progressed, only hearts that could be included in the first three groups were dissected. RESULTS Group 1. Normal Hearts. Fig. 1 shows the distribution curves of the total ventricular weight and the weights of the three sub-divisions of the myocardium in the normal group. Table I shows the maximum, minimum, and mean weights with suggested upper limits of normality for each part.
Group 2. Isolated Right Ventricular Hypertrophy. This group was divided into patients who died with congestive heart failure (35) and those who died from some other cause (11). Table II shows the maximum, minimum, and mean weights of the various parts of the heart in this group, and indicates the frequency with which each part was above the normal maximum weight. group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from Group 3. Primary Left Ventricular Hypertrophy. This group was similarly divided into patients who died with (15) and without (31) congestive heart failure. Table II shows the maximum, minimum, and mean weights of the various parts of the heart, indicating the frequency with which each part was overweight.
DISCUSSION
Normal Hearts. The average normal weights in the present series correspond fairly closely with those of other workers (Table III) . Both Lewis (1914) , and Herrmann and Wilson (1922) found that the normal range for the ratio of left to right ventricular weight was from 1-5 1 to 2-2: 1, a range which includes all but three of our cases. Neither, however, gave a range of normal for the actual weights of the separate parts of the myocardium. As the ratio may in itself be misleading (as, for example, when there is hypertrophy of both ventricles giving a normal ratio), it is essential to consider the actual weights in coming to a decision about the presence or degree of hypertrophy.
Isolated Right Ventricular Hypertrophy. Hypertrophy was found to be practically confined to the free wall of the right ventricle in this group (Fig. 2 , Table II ). Even in cases with failure, the total ventricular weight was only above the normal range in about half the cases, and the left ventricle and septum were overweight in only 9 and 31 per cent of cases respectively, and then only to a slight extent.
Primary Left Ventricular Hypertrophy. Increase in the weight of the left ventricle was associated with an increase in the weight of the septum and in the total ventricular weight (Fig. 2B , Table II ). In cases with failure, the right ventricle was overweight in almost every case, and even in cases without (Fig. 2, Table II ). The increase in weight when present was only slight, and in no case did the septum weigh more than 70 g. (Fig. 3) . In hearts with left ventricular hypertrophy, on the other hand, the septum was overweight in 80 per cent of all cases (Fig. 2, Table II ) and the increase in weight was often considerable (Fig. 3) . Thus in our cases of acquired heart disease, striking septal hypertrophy occurred only in association with left ventricular hypertrophy. We do not suggest that this is universally true, for it is a matter of common observation that when very great right ventricular hypertrophy occurs in congenital heart disease, the septum may also be greatly hypertrophied. From the data in our cases there is no reason to suppose that the septum does not increase in proportion to the increase in the weight of the free wall of either ventricle. The apparent discrepancy illustrated in Fig. 3 can be explained by the fact that in our cases the increase of weight of the right free wall is usually-much smaller than the increase of weight of the left free wall.
In any method of dividing the heart into right and left sides, the allocation of the septal weight has proved difficult. Muller divided the septal weight between right and left sides in proportion to the weight of the free walls. Lewis included a slice of septum with both ventricles, giving two almost completely closed cavities and a small strip of septum. (This accounts for his average septal weight being much less than ours). In comparing the weights of the two ventricles, he ignored the strip of septum. Herrmann which, in their opinion, divided the septum into two halves belonging functionally to the right and left ventricle. This white line, however, if followed backwards and forwards can be traced right round the left ventricle some distance inside the epicardial surface. Herrmann and Wilson's assumption may not be true.
In view of our finding, that in acquired heart disease the septum was never greatly increased in weight except in the presence of left ventricular hypertrophy, it seemed reasonable to consider the free wall of the left ventricle and the septum together as one part of the heart. This has the great advantage of technical simplicity in division, as separation of the free wall of the right ventricle from the rest of the heart is easy and accurate, whereas separation of the free wall of the left ventricle from the septum is difficult and open to error.
The upper limit of normal weight of the free wall of the left ventricle and septum together we regard as 190 g., and the normal range for the ratio of left ventricular plus septal weight to the weight of the free wall of the right ventricle (L+S/R) was found to be from 2-3: 1 to 3-3: 1.
Consideration of the heart weights in the present series in this simplified way shows satisfactory agreement with the results of the more detailed dissection. It is suggested, therefore, that after fixation, the free wall of the right ventricle should be separated from the rest of the heart as already described, and that the two pieces-first the free wall of right ventricle and secondly the free wall of left ventricle and septum together-should then be weighted. Using this method our criteria for normality and for right and left ventricular hypertrophy are as follows. group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from Criteria for Normality. A heart may be classed as normal only if (a) the total ventricular weight is less than 250 g., (b) the free wall of the right ventricle weighs less than 65 g., (c) the left ventricle and septum together weigh less than 190 g., and (d) the ratio L+S/R lies between 2-3 : 1 and 3-3: 1. Criteria for Right Ventricular Hypertrophy. Right ventricular hypertrophy is considered to be present when the free wall of the right ventricle weighs 80 g. or more. In isolated right ventricular hypertrophy the ratio L+ S/R is always less than 2: 1. If left ventricular hypertrophy is also present, the ratio may be within normal limits or even raised.
Criteria for Left Ventricular Hypertrophy. Left ventricular hypertrophy is considered to be present when the weight of the left ventricle plus septum is 225 g. or more. The ratio L+ S/R may be modified by secondary or independent right ventiicular hypertrophy and the ratio alone is therefore not an indication either of the presence or degree of left ventricular hypertrophy.
SUMMARY
In an attempt to find a satisfactory way of estimating ventricular hypertrophy, 202 hearts were examined. The total ventricular weight and the weights of the free walls of right and left ventricles and of the septum are discussed in relation to normal hearts and hearts with isolated right ventricular hypertrophy and primary left ventricular hypertrophy.
In hearts with left ventricular hypertrophy, the total ventricular weight is always above normal, and is a measure of the degree of left ventricular hypertrophy present. In hearts with isolated right ventricular hypertrophy, the total ventricular weight is within normal limits in 50 per cent of cases, even when congestive failure has been present.
Septal hypertrophy is much commoner and more pronounced in left ventricular hypertrophy than in right.
A simple separation of the heart into two parts, (a) the free wall of right ventricle and (b) the free wall of left ventricle and septum together, appears to give as accurate an assessment of the site and degree of ventricular hypertrophy as is possible by more elaborate methods.
Criteria for the recognition of normality and of right and left ventricular hypertrophy are suggested.
